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TPRES

TENSILE AND TOUGHNESS PROPERTIES OF PRIMARY
PIPING WELD METAL FOR USE IN MECHANISTIC
FRACTURE EVALUATION

Executive Summary

Presently, the Loss of Coolant Accident (LOCA) evaluation of Pressurized
Water Reactor (PWR) primary coolant system is carried out by postulating
nonmechanistic circumferential (guillotine) breaks in which the pipe is
assumed to rupture along the ful'; circumference of the pipe. This results
in overly-conservative loading conditions for the primary coolant system.
Such a nonmechanistically derived conservative loading not only increase.
the cast of design, fabrication and maintenance, but also causes
fictitious problems for the reactor coolant supports in existing

plants. It is, therefore, dasivable to be conservative but more realistic
in the postulation of breaks for primary syste. design.

The following group of utilities have therefore sponsored a Mechanistic Frac-
ture Evaluation Investigation of Reactor Coolant Pipe Materials:

American Electric Power Donald C. Cook 1 & 2
Carolina Power & Light Robinson 2
Commonwealth Edison Zion 1 and 2
Connecticut Yankee Haddam Neck
Florida Power & Light Turkey Point 3 & 4
Rochester Gas & flec. Co. R. E. Ginna
Southern California Edison San Onofre
Virginia Electric Power Co. Surry 1 & 2
Wisconsin Electric Power Point Beach 1 & 2
Swedish State Power Ringhals 2

Yankee Atomic Electric Co. Yankee Rowe

Omaha Public Power District Fort Calhoun 1

xi
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The objective cf this investigation is to examine mechanistically, under
realistic and yet conservative assumptions, whether a crack assumed to
appear instantaneously in these plants will become unstable and lead to

a full circumferential break when subjected to the worst possible combina-
tion of plant loadings.

A detailed mechanistic evaluation, presented in WCAP-9558, for base metal
has shown that double ended breaks of reactor coolant pipes are unrealis-
tic and, as a result, large LOCA loads on primary system components will
not occur.

This report presents the results of an investigation undertaken to deter-
mine the tensile and fracture toughness of representative reactor coolant
system weld samples, The results of the tensilc and fracture toughness
tests are summarized and the weld metal properties are compared with the
same properties of the base metal. It is found that the weld metal pro-
Jerties fall within or above the scatter band of the properties of the base
metal, Therefore the conclusions reached in WCAP-9558 for base metal are
equally applicable to weld metal.
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1. INTRODUCTION

, y
this report is to present the tensile and fracture toughness properties for the
weld metal and to show that the conclusions reached for the base metal are

equally applicable to the weld metal.

The weld metal test program,w!.ich was undertaken to obtain the tensile and
fracture toughiess properties for weldments representative of those found
in the plants 1isted in Table 1-1 consisted of several steps. First, a
survey was conducted to identify the various welds in the primary coolant
system of each of the affected plants, The weld procedures were reviewed
and summarized, Second, a test program was formulated to represent the con-
ditions identified in the welc data survey. Third, the various weld speci-
mens were fabricated to the applicable specifications. Fourth, tensile and
compact tension specimens were machined and tested to obtain the required
material properties for comparison with the base metal properties.

Each of the above steps are briefly discussed in the following sections.

The results of the tensile and fracture toughness tests are summarized a,c

1. Palus.ny, S, S, and Hartmann, A, J., Mechanistic Fracture Evaluation
of Rea tor Coolant Pipe Containing a Postulated Circumferential Through-
Wall Crack, WCAP 9558 - Rev. 2, Proprietary Class 2, May 1981,



TABLE 1-1

PLANTS COVERED IN THIS REPORT

o ey

PLANT IDENTIFICATION OWNER UTILITY
Acronyms

Donald C. Cook 1 & 2 AEP, AMP American Electric Power
Robinson 2 CPL Carolina Power & Light
Zion 1 and 2 CWE, COM Conmonwealth Edison
Haddam Neck CYW Connecticut Yankee
Turkey Point 3 & 4 FPL, FLA Florida Power & Light
R. E. Ginna RGE Rochester Gas & Elec. Co.
San Onofre SCE Southern California Edison
Surry 1 & 2 VPR, VIR Virginia Electric Power Co.
Point Beach 1 & 2 WEP, WIS Wwisconsin Electric Power
Ringhals 2 SSP Swedish State Power
Yankee Rowe YR Yankee Atomic Electric Co.
Fort Calhoun 1 0PPD Omaha Public Power District
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FIGURE 2-3
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Weld location for Zion Units 1 and 2
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FIGURE 2-6
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FIGURE 2-7 Weld location for San Onofre Unit
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FIGURE 2-8 Weld location for Surry!infts 1 and 2

11



F.N, —
Fl.

SN, — e

LA

F.W. S.W.

FIGURE 2-9 Weld location for Point Beach Units1 and 2
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FIGURE 2-10 Weld location for Ringhals Unit 2
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FIGURE 2-11 Weld location for Yankee Rowe Unit
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TABLE 2-1  SUMMARY OF REACTOR VESSEL SAFE END WELD DETAILS
I T ] oy
‘ weld Exposed | Treated
Vendo N = —
and d ‘ weld weld weld 0'::::’ ¢ S:nmnt :
Plant Contrart ¢ Safe | ind Desigh | Nozzle Dwg | ' = i B
s TR | )4 . No. | Heid No. | Proc. No. | Process | Metal | Meta! ! Overla Meta! Petal
| | f -1 N a,c 1T aye! Ta,c a‘L g T
1 | i 2 ' s 8, a0
MP L CE 155 safe o attached prior to final PWT | ALl €-233-045 | 3-445 | wC-23366- | r ' f
236 [ Overiay wibh 5.5, ¢ (ngone) fn s Tas :
After Fina) FwnT. iy T T
1T | T J
- 81 5.5 Safe pnc atcached prior to Pl Al 68-3262-55| Buttering | 1103-4-F5 | 17 : ]
6202 | overlayea 2 5.5._1n shop prior to PWAT 68-3262-24 weld 1305-6-F5 ﬂ P
- - - —
p—— e 4 - — —_—— - p-— P —— o — --¢
Y-% bha vmue ené Luttered oith stainlegs 34977 S + 1
| steel pno? to PuNT T
R —————— e ‘ s e —
R_ W S = ! 1 T 0
o Bbd | Nozzle enij buttered with stainles Inlet 1333256 WR-19 _%39 Rev.0' 1l ]
§10-0144 _ stee) priof ) AT | Outlet | 1333226 | wR-23  WR-23 Rev.0 _fI :'* F
——— —— - ———e e e e {4 ’ 4 :
- Tom | e Nozzle enei buttered with stainleds Inlet 1397436 | WR-19 -19 Rev.0! I » - T
C——— - ——— — - —_— - | 1 B b—— -
[ 610-0152 | steel priop to PuNT_ | Outlet | 1397476 | WR-23  WR-2) Rev.0| T i
il R . |
m BN No2zle enu Eutte_rod th stainless Outlet met wR-27 ™ At B
” 610- QHGTHOCI p‘rfor to PWHT Inlet T17886E | wR-3 ]b_k
! —yT— T ba/ 3} I
———-—-4»-—————-? S - 7““‘5 o= e nr— = 1
P —— - B -L»—.%‘ r—<L—
———— — e b 4 b+ S
A ™ Nozzle endp buttered with stainieds Outiet | 1178876 | WA-27 ) lame as FPL| T :
610-0116 | steel prior to Pkl Inlet 117886 | WR-) 1 Hﬁ
- ' -
&

sews A1 weld 1s 308L
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WESTINGHICUSE PROPTICTRY CI2SS 2

TABLE 2-2 SUMMARY OF PIPE WELD DETAILS FOR AEP AND AMP

| s |z | 2
: » 03-0- ) — E o e A “‘3 :g
< - < > eE -~ o |
| g | 823 | 3 : > =I5 | 2§ | 32, | 38
! = bt g - g o - e @ - U =D K :
S - S G- S S &% -4 b §..‘: -3 I o=
| ws | 2 |85% | & ¢ |E2 | 2|8 |88 | ® | §2
| Fll 5 vty o - S& = = ¥ 2£5% | e
| Field Welds ‘
; hyers: a,c a,c a,c s o I
-5 | i Iy ’] {
| root pass . | oy 1nes |22 | - = |Unit 1: Livesy = Pro 8-2
Co.
; sP Crev. IV
| ‘ ! Unit 2: Power
l . | Systems Inc.
2 & 3 root ! | 45/90 14/20 | - -
| pass ; sp |
' (1f req'd) ‘
 cover or | i 75/128 | 17722 | - -
| cap pass* j ‘ Sp
| ]
;lst layer | | 65/115 17722 | - -
after root : | RP
| 2nd | L . |
| 2n E -4 b It | s |72 . J v

-~ —i

*L{vesy Co. Did not complete cover pass by GTAW.
**Argon shield and internal purge.
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TABLE 2-2 SUMMARY OF PIPE WELD DETAILS FOR AEP AND AMP (cont'd) ey

r " ’; [7,) 3 l

! @ - - ce

| o |pe8] g g S 13 2 | 58 c8

! » S - wv - E 2 ce ™ -

! o P = > o S s o o

| g |22 | & £ > 5 | 28 | 224 S8

| w o o - <} o v g . U - i -

! AT b b 8 : 3 g a3 2D e = ‘JQ

wea E 8: 8 g 8 b — = § -4 = - . S

| -1 —_—— o - - 2 S - £80 =%

| P—g f W v (o [ Lo - — = - y . g

?—}1eld welds

|

! layers: . ael  ac

i 2,C T

| As o ol T '1 7/125 RP | 19/25 | ¥ 8 |RT of  |Unit 1: Livesy |Pro 8-2

| PR 110/150RP| 20/28 |Total |final Co. rev. IV
f weld

! ! Unit 2: Power

| ; { Systems Inc.

; —t

| Shop Welds -

|

] layers:

| root pass - 75/100 SP| 13715 | ~8 bkl Southwest p-8-HA-1

! | Fabricating

| 2nd ' 80/120 RP| 14/16 | 8 | we=

|

 3rd | , 200/300RP | 28/30 | A8 | wa

As many as j :

required f{ AL jersvesow | 2r3z | a8 | e v

*Argon Shield

**Argon Shield and Internal Purge
***Radiographic, dipenetrant and ultrasonic procedures as applicable at various locations; inspection
records for Unit 1 on file.
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-
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TABLE 2-3 SUMMARY OF PIPE WELD DETAILS FOR CPL

g S

***Not Available.

l.'~ ‘”.&‘F‘::"'h
@ @ — v - !
‘m A g b g a ,.‘_" 3 v - ‘5 i § E
» o ™~ w P E Qo = o o e
Q P a > [ -~ P o
8 |2£8 | 8 5 ;e ~ 1% <8 2= L S8
. - o s o o P @ . 5 U s il
ot - SEs - > &% -4 ® = cBD b
e - Q- O O o - . = S 3 3w = ‘&’3
s o z |2=8 | L $% s 1|} s | Sax g
—-= = W e ) w oa > = - o0 3“6
e -+
=
Field Welds
layers: a,c a,c
- a,c .
r " r <*Ur 1 r y
Ist 195/105 SP| 9712 | = e Ebasco WP-6
| | | Combustion Eng.
i ! Navco ‘
2nd | 70/80 RP | 20723 | *#+ b A
2nd (alt.) 5 1 95/105 SP| 9/12 | #**« e
| - ! |
As many as r | 100/150RP| 21/24 | #»* | #»
required ; f , , |
| t | ! |
Final (alt.) 4 1 | [100/1305P| 9712 | wee | ws v S0
(may be used) L J |
- o < - -
SHOP WELD SEE FIELD WELDS
*Argon shield and internal purge.
**PT of weld root, RT of 1/3 wall, RT & PT after final pass.
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TABLE 2-4 Summary of Pipe Weld Details for CWE and COM

e e

i o g z |z -
* e i
= 1532 | % s | & s |2 g | 38 B
@ S=% » E S cc - ® ' &
o o @ - = - © S 9 by
“f 3 © ©° > = e % S 8 | =
(e § 8 -2 Py b P @ e e G
' (=) a oL . . € - o - U - Lt 4 Lo
' o @ . - e S 2 as Se = 1
| wo | = |82% | & g £z = |8 | 28 | 5sx | &y
i -5 H = by - - oo > = — L = oo | =S
% Field Welds
| beads**: ..+ a,c izl .
| o (e L
| 1 90/120SP | 16/24 | *** PT Pope-Morrison 73
1 : ‘ rev. 2
| !
2 i 90/120SP | 16/24 | *** .
l !
3-6 ‘ l | 90/120RP | 16/24 | *** -
¢! | I : ‘L
! | i1 |
As many as | ? 100/160RP | 22/25 | *** |PT &
required R -t | - - 100% RT
] ‘ } 1
Shop Welds SHOP WELDS BY SOUTHWEST FABRIC#TING & WELDING CO., SHOP WELDS ARE THE SAME AS AE
| EXCEPT THAT:/THE NUMBERS Or ..CATS AND THE EINSPECTIDN REQUIREMENTS ARE UNAVAILABLE.
l |
‘ ' |
*Argon shield and internal purge. t , ; g
**Number of beads varigs with weld positign. i : | |
***Tyo bare filler wire and thrae consuma Te 1nser& heats per reactor. - ! |
| | | | | |
Pk i
NI TS T S S D |
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SUMMARY OF PIPE WELD DETAILS FOR CYW

TABLE ?-5

WESTING:G 127 PROPRICTARY CLASS 2

~N
sjuaundog A3y 40 m -»
LILIedLiLzuap] -
SRR . S ARISS
! =
, 3
' w
L0
1
SpLaM 40 - >
401ed314Qe 4 40 -
Jaanjoejnuey S
- —
—
o
SIUBB A LNbAY . -2
uoj3oedsu] a g
P —
SIB3Y O JTquINy : :
bl ~
| o~
(s310A) abejlop - N
- @ =
-0
a
“ >~
wn
A3 10|04 N &
(sdwe) Juadan) W Sa
Q r—-
9 "
T
ad/A] 8po43d9|3
L 3
s )
o
AZLS 2p043I9] .m..
—— 1 —_— — 4 “
¥ =l B v
uoL3edL 4 123ds © o e
P33 431 L4 « a
apou3d -
40 3p0o4329(3 - » . -
—— |r1 S e—_— -4
o
- @
5592044 PLM o | M -
s J .M
L2 A
5 ©va
a1n || S . e X
..*O u&>0 nﬂm . ” .dd = .m..ﬂ
w Lo > @ v >
© S~ (=% c . o o
— @ mil © -
Q D - S wv o
s o o o oo
w.f o= o w Q | .
. s £i

|
|

23

|
|
i



ve

Bkl ivuun § 0t isiatoust »....3.; z

TABLE 2-6 SUMMARY OF RJRe WELD DETAILS FOR FLA AND FPL

—

| g g ] z |2 . .t
| -3 . o
| ; 532 |5 | | § s |2 | .2 | &2 2t
| g | 823 | 8 s |z = Is | 2% | 222 8
! e - 8:2 g g - 3' Y - ] -

) a L4 - = € o -~ O - A -L~ = %
{ - Q- .- - @ -] 2 Q - L™ & T
3 y=) © - O ") O - o o 3 a3 3w = K
r g3 = |2=& | 2 o 5% s | § £8 | isw <
i -5 - vl o w Sa = = — £5% °%
T—Held Welds
| layers: T r "sll’ *3 r 9
| 1.2 | 70/120 SP| 10/15 | *** oo Bechtel P3-AT-Ag
? * | hl 60/110 SP| 10/15 rev 12
|
; 3 ‘ \ 60/100 BP| 22/25 | **+ =

I
| 485 ‘ ' 80/130 RP| 23/26 |*** *h
| As many as 80/130 RP| 23/26 |*** |
';requwﬁd | l- J 100/170 RP| 24/27 v )
‘ L E JIL ;
! OTHER CHARACTERISTICS THE SAME AS ABOVE ‘Ls-n-uq
rev. 12
: i
; ;
*P3-AT-Ag - Ar. on shield purge, A8-AT-Ng - ‘Argon shj:ld and nijtrogen rge.
*100% RT a.ceri final pass, PT off root and [final pasgses.
**Not Available.
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TABLE 2-9 SUMMARY OF PIPE WELD DETAILS FOR VPA AND VIR
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TABLE 2-10 SUMMARY OF PIPE WELD DETAILS FOR WEP AND WIS
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SUMMARY OF PIPE WELD DETAILS FOR SSP
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TABLE 2-12 S

UMMARY OF PIPE WELD DETAILS FOR YR
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SUMMARY OF PIPE WELD DETAILS FOR OPPD

TABLE 2-13

WESTINGHOUSE PROP?IZTARY CLASS 2
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TABLE 2-13 SUMMARY OF PIPE DETAILS FOR oPPD (cont'd)
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TEST PROGRAM

Welding process, filler metal specification and heat treatment condition

are the three major factors that determine the tensile and fracture toughness
pruperties of welds. Examination of the Tabies 2-1 through 2-13 shows that
four welding processes, namely, Gas Tungsten Arc Weld (GTAW), Gas Metal Arc
Weld (GMAW). Shielded Metal Arc Weld (SMAW) and Submerged Arc Weld (SAW),
were ysed in the fabrication of primary coclant pipes. The welding processes
GTAW and GMAW were used either in the deposition of overlay weld metal or

in the root pass welding. In either case, the volume of metal denosited

by these precesses are small and are less than about ten percent of the

total volume of metal contained in any given weld joint. In other words,

@ large volume of the metal in any given joint was deposited by either the
SMAW or SAN processes, For this reason, the SMAW and SAW processes were
chosen for test, This choice was agreed to with the US NRC staff prior to
the preparation of weld samples,

The weld metals used in the various welds are Inconel-182, SS-308, SS-308L,
$$-309, S$S-309L, SS-136 and SS-316L. Of these SS-308, $S-309, SS-316 and
Inconel were chosen for test. The only significant difference between
SS-308, $S-309 and SS-316 and SS-308L, SS-309L and SS~316L is in the carbon
content. The carbon content of the former materials may be up to 0,08
percent by weight whereas the carbon content of the latter materials is
specified to be below 0.03 percent. At the outset it was assumed that the
varfations in the carbon content would not stgnificantly affect the proper-
tiec that were sought tn this test program, I. has subsequentlv been shown,
by an analys®s of the carbon content, that this assumption was true, The two heat
treatment conditions investigated are as welded 2nd post weld heat treated
(PWHT) conditions. Based on a combination of these parameters and prier ais-
cussfon with the U,8, NRC, six weld samplzs were chosen for tect, Table 3-1
chows the six weld samples, identified by SP-1 through 5¢-6, and the asso-
clfated welding p\ cess, filler metal and heat tieatment condition. Two
tensile and three compac: tension specriiens were chosen for each weld sample.

The base metai plates for these weld samples was chosen to conform to ASTM-
A240-1p-316. The tensile properties of this material are comparable to those
of reactor coolant system pipe base metal. The plate thickness was chosen to
Le ¢,1/2 inches which is equal to the pipe wall thickness. In order to re-
present the long circumferential welds in the plants the length of the

weld samples was chosen to be 48 in. long.
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4. FABRICATIOM OF FULL PENETRATION WELD SAMPLES wuRETET TR GASS 3

Figure 4-1 i1lustrates s-hematically the various parts of the weld sample

and the orientation of the tensile and compact tension specimens. The fa.-
rication of the weld samples began with the preparation of a detailed weld-

ing procedure for each of the samples. Two base metal plates, 18 in. x 48 in.

x 2-1/2 in., were cut and a 22-1/2 degree bevel was machired on one end. The plates
were set-up such that the two 22-1/2 degree faces faced each other with a
separation of 1/2 in. The weld metal was deposited using a backing plate. The
welds were radiographically examined, Where applicable, th: radiography was
carrfed out after heat treatment,
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ORIENTATION BASE PLATE
OF CT SPECIMENS :
45 DEGREES /-Asm A240 TP 304
‘ ) 4
1 1, 2-1/2 IN.
| [
| u‘f
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‘ —| fe—12 N,
| ?
<
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Fqgult‘ 4.1 Weldment Configuration Showing the Onentatior of Specimens
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5. TEST RESULTS

Three 2 in. thick compact tension (CT) specimens and two standard ASTM 505
tensile specimens were machined from each weld sample. Tre orientation

of specimens is shown in Figure 4-1. /11 of the specimens were tested

at 600°F under static loading conditions following the procedure

described in [1]. A chemical analysis of each of the weld samples was per-
formed to determine the carbon content.

40
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TABLE 5-1 TENSILE PROPERTIES OF WELD
SAMP! ES AT 600°F

Weld Elastic | 0.2% | Ultimate | % 3 % Weight
Sample Moduius Yield Strength [Elongation | Reduction Carbon
Number Strength in area Content

o KSI KSI KSI
) - lT.C - 0_,-'c - L AC . qac ) 09 ~ a,c
}
€p-2 | |
| !

SP-3 ‘ { 1

SP-4 b

SP-5 ,

SP-6 '

X b - L e L . L - R ot L— —J

* See Table 3-1 for discription of samples.
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TABLE 5-2
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2T Compact Tension Specimen

Test Results at 600°F

Specimen
Number

J
in-1b/in

2

Aa
in

SP1-3
SP1-1
SP1-2

SP2-3
SP2-1
SP2-2

SP3-1
SP3-2
SP3-3

SP4-3
SP4-2
SP4-1

SP5-2
SP5-1
SP5-3

SP6-3
SP6-1
SP6-2

— -
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6. DISCOSSION & KESULTS
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7. SUMMARY AND CONCLUSION

The material, design and fabrication details of all the full circumferential
welds in the reactor coolant piping system of the sponsoring utilities have
been reviewed and summarized. Based on a careful examination of all the
factors that would influence the tensile and fracture toughness characteris-
tics of the welds ir consideration, six different weld samples were tested.

A detailed specification was developed for welding each sample. Out of each
sample, two tensile and three 2 inch thick compact tension specimens have been
machined and tested following the standard or the state-of-the-art procedure
under static loading condition at 600°F temperature.

[1] palusamy, S.S5. and Hartman, A.J., Mechanistic Fracture Evaluation of
Reactor Coolant Pipe Containing a Postulated Circumferential Through-
Wall Crack, WCAP-9558-Rev. 2, Proprietary Class 2, January 1981.
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APPENDIX A

FRACTURE TOUGHNESS OF STAINLESS STEEL
WELDMENTS AT 600°F

J. D. Landes
Structural Behavior of Materials Deparment

A. J. Bush and R. B. Stouffer
Materials Testing and Evaluation Department
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Research Report 80-5D3-SSJRC-R1 September 9, 1980

Proprietary Class: 2

FRACTURE TOUGHNESS OF STAINLESS STEEL
WELDMENTS AT 600°F

J. D. Landes
Structural Behavior of Materials Department

A. J. Bush and R. B. Stouffer
Materials Testing and Evaluation Department

ABSTRACT

Fracture toughness tests were conducted on five stainless steel

veldments and one Inconel weldment at 600°F using the J-R curve format

to determine whether the weld fusion zone has equivalent toughness to
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INTRODUCTION

Tests were conducted both under conventional and dynamic loading rates.
The material Proved to be of sufficient toughness with dynamically loaded
tests exhibiting somewhat higher toughness than those loaded at a
conventional rate go conventional rate testing was considered to provide
4 conservative lower bound. The piping material was both cast and
wrought fabrication and constituted a base metal condition, A question
Was raised as to whether a weld fusion zone would have a toughness leve]
comparable to the base metas. Therefore a testing program was initiated
Lo measure the toughness of weld material,

Six different weldments were Prepared. Fracture toughness
tests were conducted on three Specimens from each heat to compare points
on the J-R curve with tests from the base metal. All tests were conducted
at a conventional loading rate because the resulting data is considered

to be conservative. 1In thig repc. * the results from these tests on weld

Y A ,
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MATERIAL AND PROCEDURE

The material consisted of six different weldments identified
Ly SP-1 through SP-6. Weldments SP-1 through SP-4 and SP-6 were made of
stainless steel whereas SP-5 was made of Inconmel. Two inch thick compact
(2T-CT) specimens were machined and precracked. The tests were conducted

at 600°F in a manner similar to the J test procedure; the loading rate

(2) .

A getailed description of this procedure wcs given

(1)

was conventional.

in a previous report.

Duplicate tensile tests were conducted for each weldment at

600°F using 1/4 inch diameter tensile specimens.
RESULTS

The results from the tensile tests ire given in Table 1 and
Figure 1. The results are fairly uniform wit! the exception of Inconel
weldment SP-5 showing a higher ultimate strength and percent elongation.

>

The results from the toughness tests are given in Table ' and

are plotted in the form of J versus crack extension, Aa, on individual
plots for each weldment, Figures 2-7. A best fit straight line for each
set of three points was determined by the least squares method and
plotted on each figure. These lines are not the same as those used to
determine J[c by the proposed ASTM procedure because the number of
points and Aa values do not conform to this procedure.(z) Values of Aa
were taken well beyond the limit for JIc determination so that a

substantial portion of the R curve could be developed.

All of the points for the six weldments are presented on a
single plot, Figure 8, where they ave compared with the upper and lower
bound lines for the base metal specimens tested at a conventiuvnal rate.
The best fit straight lines are all presented on a single plot, Figure 9,

where they are again compared with the conventional rate bounds.
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The objective of this study was to observe the relative

position of the points on the R curve rather than to develop complete R
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Specimen No.

Srl-4
SP1-5

SP2-4
SP2~5

~ SP3-4
SP3-5

SP4-4
SP4~5

SP5-4
SP5-5

SP6-4
SP6-5

v e ma e
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TABLE 1
TENSILE RESULTS FOR WELDMENTS
(600°F)

Yield Ultimate Elastic
Strength Stre.gth % Elongation Modulus
__(kst) ksi) (1 inch) % RA (ksi)

q‘%
r

Q = Quarter Break
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TABLE 1
TENSILE RESULTS FOR WELDMENTS
(600°F)
Yield Ultimate Elastic
Strength Strength % Elongation Modulus
Specimen No. (ksi) (ksi) (1 inch) % RA (ksi)
L
SP1-4 i
SP1-5
SP2-4
SP2-5
T SP3-4
SP3-5
SP4~4
SP4-5
SP5-4
SP5-5
SP6-4
SPH-5 J

Q0 = Quarter Break
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Curve 724658-A
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Figure 5. J versus Aa for the Stainless Steel Weldment SP4 at 600°F
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Figure 9. Best Fit Linear Curves to the Three Points on J versus Aa Curves
for Each Stainless Steel Weldment
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Figure 11. Fracture Surfaces for
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